The prevalence of diabetes mellitus is growing worldwide. Consequently, there has been increased emphasis on primary and secondary prevention of diabetes. To our knowledge, whether there have been actual improvements in outcomes in the last decade or so has not been documented in a nationally representative sample.
T HE PREVALENCE OF DIABE-
tes mellitus is increasing, [1] [2] [3] [4] [5] in part because of population aging, but also in younger persons. 6, 7 The high disease burden reflects high rates of microvascular and macrovascular complications from diabetes and premature death.
Awareness of the importance of active monitoring and management of diabetes has become more widespread; however, adherence to recommended practices remains low. 8, 9 This study measured whether outcomes in elderly persons in the United States having a diagnosis of diabetes improved during 1994 to 2004. Monitoring changes in outcomes is important for assessing changes in health status and for gauging the future disease burden.
This study used national longitudinal data for Medicare beneficiaries first diagnosed as having diabetes in 1994, 1999, and 2003 to measure trends in mortality and adverse outcomes commonly associated with diabetes during a 6-year period. To account for factors similarly affecting persons not having a diagnosis of diabetes, we used control cohorts. Thus, we measured changes in mortality and morbidity among elderly persons having a diagnosis of diabetes compared with other elderly persons who do not have a diagnosis of diabetes.
METHODS

DATA
Data for 1991 to 2004 were obtained from national Medicare 5% claims files for inpatient, outpatient, Part B, and durable medical equipment containing data on service dates, diagnosis (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]), and procedures (Current Procedural Terminology). Durable medical equipment claims contained Healthcare Common Procedure Coding System codes used to identify beneficiaries using low-vision aides and dialysis equipment. Other Medicare administrative data provided information on demographics and dates of death of sample persons. Data were linked by a unique identifier, permitting construction of longitudinal, person-specific data.
SAMPLE SELECTION
Individuals were classified as having diabetes on the basis of having at least 2 Part B or at least 1 inpatient claim with a diabetes diagnosis code (ICD-9-CM, 250.xx). We selected 3 distinct cohorts of persons having a new diagnosis of diabetes in 1994, 1999, and 2003, hereinafter called "diabetes cohorts." We searched all claims in the database from January 1, 1991, and for cohort years 1994, 1999, and 2003 (Table 1) . We eliminated individuals having a diagnosis of diabetes before the cohort year. We then limited each cohort sample to persons older than 65 years for at least 6 months before the person's first diabetes diagnosis and younger than 96 years as of December 31 of the cohort year. We also excluded individuals not surviving through July 1 of the cohort year and not enrolled for 6 months or more of that year in a Medicare health maintenance organization (HMO) ( Table 1 ). There was no overlap of individuals among the cohorts.
Individuals in the 1994 and 1999 diabetes cohorts were followed up from enrollment in the cohort through December 31, 1999, and December 31, 2004, respectively. The 2003 cohort was followed up from the date of first diagnosis in 2003 through December 31, 2003 .
Not all outcomes are unique to diabetes. Recognizing that persons not having a diagnosis of diabetes may have experienced similar adverse outcomes, we used 2 sets of control groups for the 1994 and 1999 diabetes cohorts and 1 control group for the 2003 diabetes cohort. The first control cohorts, control group A, consisted of 3 random samples of 200 000 persons each not having a diagnosis of diabetes from January 1, 1991, through December 31 of their respective cohort years (Table 1) . After eliminating persons not satisfying age, survival, and HMO criteria, the control samples included 118 657 persons in 1994, 142 088 in 1999, and 122 069 in 2003. We then randomly sampled within-race/ethnicity categories from these populations so that the racial/ethnic mix and analysis sample sizes for each control group cohort matched the corresponding diabetes cohort (Table 1) .
Although no persons in the control group A cohorts had a diabetes diagnosis through their cohort start years, some were subsequently diagnosed as having diabetes. Thus, we also selected control group B, subsamples of their respective control group A cohorts not having a diagnosis of diabetes through December 31 of the fifth year after the cohort year (Table 1) . No control group B cohort was created for 2003 control group A because our data did not extend beyond December 31, 2004 .
OUTCOMES CLASSIFICATION
We examined mortality rates and cardiovascular, cerebrovascular, renal, ophthalmologic, and lower extremity adverse outcomes commonly associated with diabetes using ICD-9-CM and Current Procedural Terminology codes ( Table 2 ). All outcomes were identified from diagnosis codes except for low visual acuity and end-stage renal disease (ESRD), which were identified from both durable medical equipment and ICD-9-CM codes.
STATISTICAL ANALYSIS
Adverse outcomes were considered incident on the date the diagnosis or procedure code first was entered on a claim, and remained prevalent until death or through December 31 of a cohort's final study year. We computed 3 rates of adverse outcomes, as follows: first-year incidence, with beneficiaries followed up from enrollment in the cohort to December 31 of the same year; 6-year prevalence, with prevalence rates based on diagnoses received from enrollment in cohorts through year 6 in persons still alive; and 6-year cumulative incidence, with rates based on diagnoses received from enrollment in cohorts through year 6 in persons alive or dead. We used t tests to measure statistical differences (SAS version 9.0; SAS Institute Inc, Cary, North Carolina). We also used logit analysis to determine whether rates of adverse outcomes changed relative to persons not having a diagnosis of diabetes (control group B). Dependent variables in the logit analysis were 1 if there was a report of a particular adverse outcome by the end of year 1, or year 6 among survivors (prevalence), or among all persons in the sample (cumulative incidence). Explanatory variables were diabetes status, variables identifying 1999 and 2003 cohorts (0-1), and variables for cohort year (1999 and 2003) multiplied by diabetes status (interaction terms). Given this study's emphasis on changes in health in persons having a diagnosis of diabetes relative to those not having this diagnosis, only results for the interaction terms are given. We do not show results from the logit analysis of changes during 1 year; few of these changes were statistically significant.
RESULTS
The total number of persons in the sample decreased slightly from 1994 to 1999 but increased from 1999 to 2003 (Table 3) , primarily reflecting US population changes 10 and the peak popularity of Medicare HMOs.
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Incidence and prevalence of diagnosed diabetes increased from 1994 to 2003. First-year incidence rose by 23% (2.2%-2.7% annually). Prevalence rates increased by 62% (15.3%-24.8%). There were no important demographic changes in the diabetes and control groups except for race/ethnicity ( Table 4) . Given demographic similarities and the lack of other meaningful differences between control group A and control group B cohorts, we report results only for control group B.
Death rates during the first year after having a diabetes diagnosis were unchanged across cohorts (44, 43, and 44 per 1000 persons for the 1994, 1999, and 2003 diabetes cohorts, respectively) ( Table 5 ). In control group B, death rates were significantly lower and declined between 1999 and 2003 cohorts (26, 26 , and 19 per 1000 persons). During 6 years of follow-up, 349 per 1000 persons in the 1994 diabetes cohort died. Overall mortality in the 1999 cohort was lower (332 per 1000 persons), a small downward trend. Although the 6-year mortality rates for the control group B cohorts were much lower than for the diabetes cohorts, there was no significant change between the 1994 and 1999 cohorts.
Many adverse outcomes were diagnosed within the first year in each of the cohorts with diabetes, and during the remaining 5 years, complication rates continued to increase. Thus, most persons with diabetes experienced at least 1 adverse outcome by the end of year 6. Cumulative incidence of any adverse outcome rose 4.4%. Individual categories of complications showed similar trends: rates of cardiovascular, cerebrovascular, renal, and lower extremity complications were markedly higher in year 1 for all cohorts with diabetes than for the control B cohorts. Rates of cerebrovascular, renal, and lower extremity complications increased, whereas rates of cardiovascular complications remained stable. Only ophthalmic disease rates decreased. Table 5 lists the most common diagnoses within each category of complications (eg, cardiovascular disease [CVD]). Within cardiovascular complications, congestive heart failure (CHF) and myocardial infarction (MI) were most common. Almost half of the persons in the 1994 and 1999 diabetes cohorts still living at year 6 received a diagnosis of CHF. Cumulative incidence of CHF in the diabetes cohorts increased by 4.4% between 1994 and 1999, indicating that substantially more persons died of CHF in the 1999 cohort vs the 1994 cohort. The pattern was similar for MI. However, 6-year prevalence of stroke among survivors declined, but there was no significant change in cumulative incidence of stroke, indicating that although stroke remained a major cause of death, among persons surviving through year 6, fewer had a stroke during 1999 to 2004. For renal complications, there were substantial increases in rates of chronic renal failure and ESRD among persons receiving a diagnosis of diabetes in year 1, 6-year prevalence, and 6-year cumulative incidence. For lower extremity complications, although 6-year prevalence increased, rates of serious complications including amputation, debridement, gangrene, and ulcer remained stable or decreased.
The Figure shows changes in outcomes in persons having a diagnosis of diabetes relative to their corresponding control group B cohorts. Odds ratios (ORs), with 95% confidence intervals (CIs), show changes in the probability of an outcome between the 1994 and 1999 cohorts relative to changes for the control group B cohorts in the same years. The probability of death within 6 years after diagnosis of diabetes declined by 8.3% compared with that in the control groups without diabetes (OR, 0.92; 95% CI, 0.87-0.97).
Six-year cumulative incidence of adverse study outcomes conditional on survival increased relatively among persons with diabetes by 14% (OR, 1.14; 95% CI, 1.07-1.21) between 1994 and 1999 cohorts. Six-year prevalence (OR, 1.07; 95% CI, 1.01-1.13) and cumulative incidence (OR, 1.07; 95 CI, 1.02-1.12) of CVD among persons with diabetes increased relative to the controls. Cumulative incidence of lower extremity complications among those with diabetes rose comparatively (OR, 1.08; 95% CI, 1.03-1.13), but there was no statistically significant change in 6-year rates or rates of the most serious lower extremity complications. Sixyear prevalence (OR, 0.92; 95% CI, 0.87-0.98) of cerebrovascular disease and of stroke (OR, 0.91; 95% CI, 0.84-0.98) decreased, as did cumulative incidence. For renal disease, there were no statistically significant differences in 6-year prevalence or cumulative rates among persons with diabetes relative to controls; however, rates of severe complications, chronic renal failure, and ESRD increased appreciably for both diabetes and control groups. Ophthalmic disease in the diabetes groups decreased relative to that in control groups in 6-year prevalence (OR, 0.80; 95% CI, 0.73-0.88) and cumulative incidence (OR, 0.81; 95% CI, 0.73-0.88). For most conditions (Figure) , there was no statistically significant change in outcomes between persons with diabetes and control groups for the 1994 and 1999 cohorts. There was an increase in the frequency of persons with at least 1 claim because of hemoglobin A 1c (462-538 per 1000 persons; PϽ.001) and lipid cholesterol (569-621 per 1000 persons; P Ͻ .001) tests between the 1994 and 1999 diabetes cohorts. 
COMMENT
The burden of diabetes among the US elderly increased from 1994 to 2004. Incidence and, particularly, prevalence of diagnosed diabetes increased. The mortality rate in persons having a diagnosis of diabetes declined by 8.3% relative to that in control groups. While increased longevity is a favorable outcome, it will add to the burden of care. While changes in 6-year prevalence rates of complications were mixed, when accounting for all persons in the 6-year study (cumulative incidence), most complications increased over time. Combined, these factors impose a direct financial burden of care and resources committed to diabetes and its complications. New criteria for diagnosing diabetes were introduced in 1997, 12, 13 lowering the fasting glucose threshold for diagnosis from 140 mg/dL to 126 mg/dL (to convert to millimoles per liter, multiply by 0.055). This change led to diagnosis of diabetes at an earlier stage in the disease process. 14 Earlier diagnosis and treatment of diabetes might be expected to improve mortality and lower complication rates, even without a change in rates of disease progression; however, we found that there was little relative improvement in diabetes outcomes between the 1994 and 1999 cohorts. There was no change in 1-year mortality across the 3 cohorts despite the change in diabetes diagnostic criteria. We expected the 1999 diabetes cohort, diagnosed using the newer criteria, to be younger. The age difference, however, between the 1994 and 1999 cohorts was trivial.
Prevalence and cumulative incidence of adverse study outcomes rose significantly between 1994 and 1999 in both diabetic and nondiabetic cohorts. In the diabetic cohort, after 6 years of diagnosed diabetes, nearly 9 of 10 individuals experienced at least 1 adverse outcome. Approximately 40% were diagnosed as having CHF vs 20% for the control groups. Similarly, rates of MI in the diabetic cohort were nearly twice that for the control groups. We observed no statistically significant improvements in cumulative incidence for either CHF or MI. Therefore, despite the general focus on cardiovascular prevention and aggressive preventive recommendations for patients with diabetes, no clear effect on cardiovascular event rates was noted. Fox et al 4 reported a 50% reduction in incident cardiovascular events among adults aged 45 to 64 years with diabetes for 1950 to 1995 using data from the Framingham Heart Study. In our study, cumulative incidence of CVD increased during 6 years after a diagnosis of diabetes. In contrast to the findings of Fox et al, 4 persons diagnosed as having diabetes after age 65 years in our study did not experience reduced CVD rates. Some, but probably not all, of the increase in overall adverse cardiovascular outcomes we observed could be the result of increased usage and sensitivity of diagnostic testing. 15 Year-6 stroke rates in patients with diabetes showed a favorable trend compared with unchanged rates in the control groups. However, cumulative incidence of stroke in the group with diabetes was similar between cohorts, compared with increased rates of stroke in the control groups, indicating increased incidence of death owing to stroke in the diabetic group.
A striking study finding is the marked increase in renal disease including renal failure and ESRD in both diabetes and control groups. Increased rates have been reported previously. [16] [17] [18] The growth rate for ESRD in the United States and worldwide has been far higher than for diabetes. [19] [20] [21] [22] However, during this same period, vigilance for renal disease increased, exemplified by the recommendation for yearly screening with microalbumin testing. Increased use and complexity of services provided to Medicare beneficiaries during this time have been documented, 23, 24 including increases in diagnostic testing. 14 The frequency of diagnosis of diabetes-related renal disease within 1 year of diagnosis of diabetes rose dramatically with each progressive cohort, doubling by 2003. However, these changes occurred in both persons with and without diabetes, with no significant difference in the trends for renal disease between groups. Reasons for the increase in chronic kidney disease are not well understood. 25, 26 The prevalence of all lower extremity complications in the first year rose in successive cohorts in persons with and without diabetes. A major contributor to these trends is coding for foot pain. 27 In contrast, frequency of limbthreatening conditions such as amputation, debridement, and gangrene remained stable. Indeed, while most patients had evidence of lower extremity complications after 6 years of follow-up, the prevalence of serious complications including gangrene and amputation significantly decreased between the 2 cohorts. Trends in gangrene and amputation were not significantly different between the diabetic and nondiabetic cohorts, perhaps indicating advancements in medical therapy that enabled avoidance of surgical intervention.
Among several important strengths of this study are its national and longitudinal features, its use of control groups, and its analysis of multiple, diverse outcomes. Our findings demonstrate the risk of generalizing about overall outcomes by examining a specific outcome. For example, ophthalmic complications decreased while lower extremity complications increased during 1994 to 2004.
We acknowledge several study limitations. First, diagnosis of diabetes and adverse outcomes was based on data from Medicare claims. Claims data were designed for administrative not research purposes. Medicare claims data are highly specific in identifying persons with diabetes and its complications, but such data are insensitive; they often fail to capture diabetes when it is present. While a beneficiary may have had a diagnosis of diabetes before 1991, construction of our cohort samples required, at minimum, a 3-year review period before a cohort year. Having multiple years of data on beneficiaries helped improve diabetes identification sensitivity. 28 Second, outcomes can only be ascertained if patients are seen by a physician. Failure to visit physicians at recommended intervals may lead to underestimation of complication rates. Low rates of adherence to diabetes guidelines have been documented. 9, 29 Third, although a 5-year follow-up after initial diagnosis of diabetes represents an improvement over most previous studies, longer follow-up may have revealed different trends. Fourth, we excluded enrollees in Medicare HMOs. On average, enrollees in such plans tend to be healthier than those remaining in fee-for-service. 30 Fifth, we lacked information on cause of death. Given the lack of significant reductions in cardiovascular event rates, the 8.3% reduction in mortality rate in the diabetic population is somewhat surprising. We have not clearly identified sources of death other than CVD to explain this finding. Although the second limitation may lead to an understatement of true rates of diabetes and their adverse effects, the fourth limitation may lead to overstatement.
Overall, our findings emphasize the overwhelming burden of diabetes, including the near 90% prevalence of an adverse outcome and many serious and resourceconsuming outcomes such as CHF, MI, and stroke. Although other studies have shown improvements with time in surrogate markers for diabetes complications, such as lowering low-density lipoprotein cholesterol concentration and hemoglobin A 1c level reduction, these findings come primarily from National Health and Nutrition Examination Surveys (NHANES). 31, 32 Although NHANES is nationally representative, it does not focus on the elderly. To our knowledge, our study is the first to demonstrate that improvements in surrogate markers may not translate into reduction in adverse events. With population aging and increased incidence of diabetes, demand for medical care will almost surely increase, both for general monitoring of diabetes and for treating its sequelae. For Medicare, the message is that the increased burden of diabetes will contribute to increased budgetary pressures in the future.
INVITED COMMENTARY
T hroughout the world, chronic diseases are becoming the dominant health challenges. 1 Among these chronic diseases, diabetes mellitus, usually type 2, is everywhere. 2 Indeed, the concern about diabetes is so great that the United Nations has declared the condition a potential threat to society. 3 Excessive weight and physical inactivity have a major role, along with the "rectangularization of the demographic profile," that is, fewer youth and more people older than 60 years with a greater likelihood of diabetes associated with older age. 4 In a previous study, Bethel et al 5 documented the excess complications and mortality in persons older than 65 years with diabetes compared with a control group without diabetes.
Sloan and colleagues further describe the effect of complications associated with the increasing diabetes incidence and prevalence observed in the aging population in the United States. While the mortality rate after diabetes diagnosis decreased about 8% relative to a control group, in general, there was little evidence of fewer serious diabetes complications compared with a comparable control group with time; we do not seem to be making great progress in preventing complications in these elderly diabetes cohorts. Sloan and colleagues rightly describe the effect of this phenomenon on health systems and potentially on the economy. Taken to the extreme, there will soon be too many patients with diabetes to be individually treated and not enough money to pay for it all! Given these possibilities, primary prevention programs must be put in place before the diabetes of advancing age becomes a reality. We know they can work in controlled settings, 6 so the evidence is already there. The real challenge is to translate the study results successfully throughout the world. We are not good at it and have much to learn about how to implement these types of programs. But unless we become good, what Sloan and colleagues describe and worry about will come true! 
